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SUMMARY

This report documents the results of research effort during February 1980

through May 1981 in connecLio, with Lhc t:0 S144111lm11 . 30-0169. lhP

research work was a continuation of earlier effort performed tinder AFOSR-

N. 1-32/6. 'The currenL wurk consists of developmcriL ol Litreu few

finite dynamic elements as well as further refinement of the associated

riumiericdl Lechniques pertaining to tLhu solution of the dpprupriate

eigenvalue problem. Together, they constitue a rather powerful tool for

thu ellicwriL suluLiun 0: thu Iree vibration problem or complex practical

problems.

Thu results of this research work will be published in ,j)urnalso l

international standing as well as in proceedings of relevant international

conferences as invited papers. Entire listing of associated computer

programs will either be published in the journals or will be made

available through appropriate public offices, to effect imminent transfer

of new technology.
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UEVELOPMENT OF FINIIL DYNNIIC [LEMLNTS

The formulation for the symbolic man ipulation schecs perLaiiinrq Lu Lhhl(u(:
iiew finite dynamic elements have esscn ial ly been Coiipll.li .ii, lo.
h igher order, 8-node rectangular p lane strc!,s-straiI clewenL hs bel;
generated based on an appropriate choice of the hioher order shape
functions. Similar effort has been expended for the development of solid
hexahe(iron and a solid tetrahcdron elo'menL. FxLcn iNo s!ymh)l iC
manipulation schemes, utilizing the MIT-MACSYMA program were proyraiimied
for the development of the three elements.

Preliminary results indicate Lhat:

1. For the same solution accuracy, the emnploymiunt of finite dynmic
elements effect a considerable reduction in the number of structural
elements when compared with the usual in ite element model. Da a
preparation effort is also reduced accordingly.

2. In general, the dynamic element method proves to he significantly
mure efficient than the u .1 finite element meLhud, reducig Lhe
solution time typically a factor between 2 and 5.

Further effort will be expended to complete the dyniim ic e lemenL
Lormu|uldlion, the results of which will be published in d repuLed journdl
(references 1, 2, and 3).

ULVLLOPMLNT OF A UNIFIEU NUMLRICAL PROCEDURE

In connection with the solution ol Lhe quadratic maLrix uquaLion
associated with finite dynamic elements, the associated computer program
has been further refined to yield better convergence rates for repeated
and close roots. Additionally, as special cases1 o ih, iJiFVi

2 igenproblew , luL ion procudure (referuece 4), Lhe tiSU iLtAd LiompluLCY'

program is capable to yield efficient solution of a variety of other
complex practical problems, as below:

i. Buckling analysis of structures

2. Free vibration analysis of undamped sLrucLures

3. Structural free vibration analysis with vi-cou amd/ur 'LructLurdl
damping

4. Free vibration analysis of: spinning structures without or with
viscous and/or structural damping.

5. Solution of simultaneous equations, real and hermitian matrices.
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The associated computer program possess the following salient feaLures:

(a) The program has been further rei ined to yield much faster convergence
rate for close or multiple roots.

(b) As input, only the upper symme tr c halves of the ma [ .ricUs ,r(- nded
fur, the suluLiun. Thus the proraaiul ly exploits matrix spars i Ly
inherent in a discrete element idealization.

(c) The special symme tric decomposi Li t)l scheme adopLed carlier ha s liuen
further modified to insure numerical stability during the soluLion
process.

(d) A special shift cchnique has bca, incurporaLed in the pruoyrai to
insure effective determination of rigid body modes having 'zero'
frequencies.

(e) The program enables determination, of a few desired roots only,
without having to compute any other.

The program has proven to be most efficient and economicol for LI I,
so luL iori of ldrge complex problems and iw ill fIurLher be exLendced fur Lhe.:
analysis of fluid-structure interaction problems (ref. 5)

PUBLICATIONS

The following publications provide the results of research effort during
the final two years of this AFOSR granL.

1. "On the Development of a Higher Order Plane Stress-Strain FiniLe
Dynamic ElemenL", to be submi tted to the In Lern-aLional JournI fur
Numerical Methods in Engineering., ior publicAion.

2. "A Finite Dynamic Element Formulation For a Hexahedron Solid
Element", International Journal for Numerical MeLhods il
to be published.

3. "Development of a Tetrahedron solid Finite Dynamic Element,"

-International Journal for Numerical Methods in Er,(lincring, Lo he
published.

4. "Development of a Unified Numerical Procedure I-or free VibraLion
Analysis of Structures", Internat ional Journal for rNumeric:al MeLhods
in Engineering, Vol. 17, No.2--h/f-I37-98-1

5. "Free Vibration Analysis of Fluid-SLructure InLtraclion Prublums",
invited paper to be l)resented at the /Lh InternaLionial S y , ui on
Finite Elements in Flow Problems, August 1982, "lokyo, Japan.
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CONCLUDING REMARKS

During the first year of this new two year grant period significant
advances have been made in the area of numerical analysis pertaining to
structural dynamics. Thus a unified eigenproblem solution routine has
been further refined for efficient solution of quadratic matrix equation
associated with a finite dynamic element solution. As a spin-off, the
routine is also capable of solving various free vibration problems of
spinning and non spinning structures in an economical fashion. Also the
formulation for three new finite dynamic elemtns has been completed, which
will be further processed for achieving the final results
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